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[Abstract] Objective: To explore the underlying mechanism of bile acids and metabolites as well as the
key metabolic pathways and important endogenous targets in prehypertension. Method: The metabolic
mechanism of prehypertension was explored with non-targeted metabolomics combined with network analysis.
The serum metabolomics of patients with prehypertension was analyzed by ultra-high performance liquid
chromatography quadrupole time-of-flight tandem mass spectrometry. The relevant biological functions and
signal targets were predicted and generated by network analysis. Finally, the predicted targets of this important
pathway were verified by in vitro experiments, and the relevant information was verified by enzyme-linked
immunosorbent assay (ELISA) and Western blot. Result: As revealed by non-targeted metabolomics, there

were 64 potential biomarkers and 13 metabolic pathways in the normal group, the prehypertension group, and the
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hypertension group. The results of network analysis and biological verification showed that the occurrence of
prehypertension was related to vascular inflammation caused by the abnormal metabolism of bile acids and
aromatic amino acids. Bile acid metabolism plays an important role in the occurrence and development of
prehypertension by regulating the vascular inflammatory response. Amino acid N-acyltransferase,
myeloperoxidase, and bile acid downstream receptor TGRS are critical in the changes of the metabolic network.
Conclusion: In prehypertension, bile acids are presumedly involved in regulating vascular inflammation,

resulting in damage to blood vessels in prehypertension.
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Fig. 1  Total ion chromatography (TIC) of serum samples in

positive and negative modes of different group patients
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Fig. 3 Summary of pathway analysis using tpathway analysis

module of MetaboAnalyst 5. 0 of different group patients

Table 2 Metabolic pathways filtered by MetaboAnalyst 5.0 of different group patients

i % M B AR R WA A & 0 B A (VL BC R AL pR 59 ) A4
1Z IR AN A YA K 0.563 87 0.021 43 19(3)
A5 W H IR AR 0.830 97 0.024 60 28(1)
WIFN R A A 1k 1.365 20 0.025 40 46(4)
TR AN IR R A 0.949 68 0.055 56 32(2)
ik s R A 1.246 50 0.056 77 42(3)
o s AR 1.216 80 0.130 94 41(1)
FriG PRG35 ( TCA T3 ) 0.593 55 0.140 41 20(2)
20 S R AR 0.474 84 0.221 31 16(1)
R TR A R AR 0.296 77 0.357 14 10(1)
B-I A R 0.623 23 0.399 25 21(2)
A= fik 1 FAVE 2 fitk R A 4 0.237 42 0.428 57 8(1)
RN R s R 8 R A 5 0.118 71 0.500 00 27(3)
RIATH 0.148 39 1 5(1)
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f) Al AT 75 A5 A 0T 0e 2 I A R RE AS Rl 75 3 2
MO A e RE IR AS TR R I A R 2R R Il A RE K A
AR AK DT 350 I

TGRS ~ S Sl 33 kDa

BAAT D G S 0.

MPO Wl S ‘l.....' 83 kDa

practin. (A - -

A B C
E4 TGRS,BAAT#IMPO % E % H . 5 M E 57 H1 48 71 5 [ /5 48 1
BRI EBRERIK
Fig. 4 Electrophoresis of TGR5, BAAT and MPO in normal

group, prehypertension group and hypertension group

®3 HEBEFME PR TGRS, BAAT #l MPO I E B R X # #1
(X+s)
Table 3 Protein expression analysis of TGRS, BAAT and MPO in

each group (X+s)

251 1515 TGRS BAAT MPO
EH 47 1.05+0.17"  0.84+0.17"  0.09+0.01"
o 1 T 48] 52 0.37£0.30”  0.60+0.29”  0.35+0.17%
A INES 52 0.14+0.01"  0.18£0.01>  0.88+0.02%

FE + 5 0 AT A L VP<0.01, 5 i JE 41 P P<0.01,
S5IEH H R Y P<0.01(F4TH) .

R, % e I 7 99 48 9 i A 0 3 F AR v

FE NF-«B {5 5l 7 N R M — Ak /K

IL-6 F1 IL-10 1F Jy 8 2 0 45 N+, 2= 5 4 Mo iy 2=

K ik B E M L B . IL-6 J& — Fh A 58 E A

F, 25 RAE R . TL-10 7] LI i BH W s 40 i 1

AR R R o PRI, % B TL-6 A IL-10 1E Ry &
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I J 2k B rp SRR R A B 9% RE 4R b L IF R H T
ELISA 5255 ey I i 3 R0 &85 1 s A8 25 il v v 1L-6
B 7K S5 s T 48 IR TL-10 75 5 1L % A 399 70
I FE A8 IV H B AT B, IR 40 TEMRBR N
I R 300 R 3 R e O R Y v s a0 A AR
B HRAE LI AL K ST B A Ry SR R I 2 R Y Ak
LG RN

*4 ELISAKRNEFMEREMAMAEZIL-6FIL-10 82 (Y+s5)
Table 4 ELISA for detection of interleukin IL-6 and IL-10 in

culture supernatant (¥+s) ng- L
20 51 151 %% IL-6 IL-10

EH 47 35.76+5.79" 55.56+12.28"

R 1L T A 52 90.31 6.69” 45.43+7.16”

[=RIRES 52 125.56+7.55% 30.06+15.24%

3.3.2 RSB 56 HUVECs H IL-6,1L-10 fY
We PG B IEER AN 4EIE R R R AR TNF- i
BN T bk P Bz 40 B R TL-6 19 7K SF- 36 TL-10 (1)
KT 175 5 B B bk 9 B A, DL 5. X — S5 L E
Y, B9 R X HUVECS 9 48 i A8 5% W, I 58 W 5 N
B A0 MR R AE FNE o PRI e P R AR 9 7R A O
it e AR A AN R AT RES 5 T & i i 45 R
i (1 2 1

x5 HHAHUVECsHIL-6,IL-10 IR E (f+s)

Table 5 Concentration of IL-6, IL-10 in HUVECs in various
groups (X+s) ng-L’"
215 IL-6 IL-10
2 39.17+7.43 46.82+7.90
TNF-a b3 271.17+8.83" 23.36+4.76"
JIH PR Ak 34 176.91£9.04% 37.40+3.24%
% 42 IR P Ak B 191.96+5.76% 34.09+4.75

TE 528 4L e V P<0.0015 5 TNF-a 4 B8 41 b 45 2 P<0.001 5
5 TNF-a kb B4 b %5 2 P<0.05.

4 it
o L P 19 e A MK i 52 22 i [ 3R AR ), 5
IR I 7 R VTN | WIS S 2 0 A = = 1A
FH LE g L RS0 A S M ORI A AT
4, DR S 9 97 R 47 ok s i s D) A R S
1E b OF 52, 28 3 R 0 AR B ) AQ 4 22 7
L R AR IR R AL v I 2 R i s 2 P AT
64 N TRAE I A W) b AW o 45 0 A MLAE ) o Bk
S5, v LR F YT A A AR R R DT A
SR AU 5 W T R B A SR A G . R R S
AT AW S 5 A SRE B L T A T A 9
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5 U A 505 A O I A E R B A 40 2 R I
JE Y BAL ), nT N E e i R A T R RE 1)
il

R 412 55 W 45 43 B AR 45 A 09 7 2k 3l R
T 24 R ) 286 24 3 4 (AR 2D T e 1) 250
IS Wi o 73X U5 v, A1 20 2 71 ) 2% 43 #1145
GA B T IRATRA T A i N 5 #0522 ] 6 2
RE A B AR o 73X Se AR5 A8 Tk, MPO 35 7 J
S TRACH BV 2 80 SN R R A B X . MPO
2 HRNE R ok R TRl TR B R A R PR A
IE 6 30 3] 400 L A Y — R, 2 5 AR BRI A
i AR R IR R AR A R . AR A B R E
B 7=, MPO AT A= 14 A8 A 00 7 0 I 96 0 1Y) 4% E 2%
PF R Bk A 2 43 1 S BE  R . MPO TE 5 i i
IS E=R AR & IR N AT = R A O =B L A e o
YEH™), Western blot4h 5 i 7/ , 3 4 MPO 1Y 2153
MRUCHE I, B w55 1 i 19 A AR A MPO A 3 19 4R
feA6 7, HLBE 2 9 17 (14 30F JE L MPO 19 35 15 3% 3 14
BAAT J& IR 1 2 AR 35 A0 2% 7 2 R A 38 i 4% vh i) — Fh
L, AT IR 0 R . Ho k= v S80I
TR A 15 AN Ak Y 2 25 LA I TGRS BYBEAIG, S50
5 440 i Ty B e A5 R 04 5450 . BAAT M TGRS (1)
Western blot %5 F i 7~ , 1F % 2H . /5 Il R Ay 39 25 A
I He 20 09 e 3R R T B, 5 3 41 TL-6 KV AH I, 156 1]
e ML P T 30 A 7 A RN AR R B A E A ) 1B
EARRE,
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FE N B2 40 D NO A i mRNA 1 £ 35 , 48 = NO
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